By heuristically extending the previously developed ray solution [Stanton et al. J. Acoust. Soc. Am. 94, 3454-3462 (1993)] to predict the scattering by cylinders over all angles of incidence, approximate expressions are derived which describe the echo energy due to sound scattered by finite cylinders averaged over orientation and length. Both straight and bent finite length cylinders of high aspect ratio are considered over the full range of frequencies (Rayleigh through geometric scattering). The results show that for a sufficiently broad range of orientation, the average echo is largely independent of the degree of bend--that is, the results are essentially the same for both the straight and bent cylinders of various radii of curvature (provided the bend is not too great). Also, in the limit of high frequency (i.e., the acoustic wavelength is much smaller than the cross-sectional radius of the object), the averages are independent of frequency. 
While one may use echo data from aggregations of animals to estimate the average scattering cross section, the estimate is specific to that particular environment and does not necessarily lead to any insight or predictability as to the scattering by aggregations under other conditions where their behavior and hence orientation and shape distributions may be different. This article will explore the nature of the averaged echo from a theoretical standpoint so that data taken under one set of conditions can possibly be extrapolated to other conditions. As a minimum, both (1) the frequency/size dependence of the scattering by aggregations of animals and (2) the variability in the average echo due to changes in behavior will be better un- has been shown to be reasonably accurate for angles of incidence near normal to the tangent of the lengthwise axis of elongated bodies with a high aspect ratio (i.e., high ratio of length to diameter). Typically that region is also where most of the acoustic energy is scattered by elongated zooplankton. 8 Near end-on incidence, the solution is inaccurate, although it does predict that the scattering levels near end-on are much lower than those observed at broadside. We proceed under the assumption that the averages over angle of orientation are relatively insensitive to the inaccuracies near end-on incidence. That is, as long as the approximate theory predicts a low value for near end-on, the inaccuracy of that value does not significantly affect the average over a wide range of angles because the echoes from near broadside will tend to dominate the average.
Application of the formulas is best suited to the cases when broadside insonification occurs at least occasionally in a multiping sequence (a scenario that is quite typical when insonifying randomly oriented animals). The ray solution is also most accurate for values of ka E0.1. This latter restriction is certainly not limiting in this application since the animals are generally not detectable at or below those values of ka (Rayleigh scattering).
For the purposes of the mathematical averages, a Gaussian-shaped scatter directivity pattern is used in the scattering formulas. The function is mathematically convenient, and the "bell" portion of its curve broadly resembles the mainlobe of the scatter directivity pattern of the pscat= Po( eikr/r) f ,
TS = 10 log Cbs, The scattering amplitude and cross section for both the straight and bent cylinders are written in approximate (separable) form:
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where
and 0 is illustrated in Fig. 1 .
The directional characteristics are shown to be contained solely in the D(O) term which, in general, is not correct. However, for the cases in which the mainlobe of the scatter pattern is narrow, the strength of this lobe can be estimated with knowledge of the scattering amplitude at normal incidence (f0). As stated before, the sidelobes of the pattern cannot be estimated by this method, but as long as D(O) predicts small sidelobes that can be neglected in the averages over 0, it will be shown that such a formula can be used.
Simulations using the Born approximation in this section and in Sec. II test the accuracy of Eq. (5) and averages of Eq. (7a). The general equation describing the firstorder Born approximation (or more precisely, the "distorted-wave" Born approximation where the wavenumber of the incident wave inside the body is determined by the material properties of the body) is given in Eq. 
Wl/2=(x/-•kL) -• was used in Eq. (6). (14)
and a s is a numerically determined coefficient so that the main lobe of the Gaussian directivity pattern has a best fit with the mainlobe of the sine function.
The usefulness of the Gaussian function in this application is shown in Fig. 2 where the mainlobes of both the Gaussian function and Born approximation solution compare reasonably well (provided the value of ka is away from a.null). There is very little correspondence between the two curves for higher angles of incidence except for the fact that they both describe decreasing trends of scattering versus angle. As previously emphasized, the mainlobe is the most important component to model while inaccuracies in the high angle region are much less important, if not negligible, once averaging is performed. 
where I 0 is defined after Eq. ( 11 ). Equation (15) involves scattering where the cylinder is bent symmetrically away from the sonar.
There is no form of Eq. (15) that conveniently shows directivity of the scattering, hence the directivity must be derived purely from geometrical arguments. We assume that there is only significant return from the cylinder when the direction of the incident field is normal to some point along the axis of the body (i.e., angles more toward broadside incidence). Once the cylinder is oriented more toward end-on incidence so that at no point is the direction of the incident field normal to the axis, the return would dramatically decay with increasing angle. The directivity is therefore written with a Gaussian function whose e-• level corresponds to near the point at which the direction of the incident field is normal to the tangent to the axis at the end of the cylinder (i.e., when 0=7m•x):
or equivalently 
Hence, D is near unity when the direction of the incident field is normal to some point on the axis within the cylinder and D is exponentially small when the cylinder is tilted so far that at no point is the direction normal. The term as is determined numerically so that the mainlobe of the Gaussian function best fits the corresponding lobe calculated from the Born approximation solution.
Application of the Gaussian beampattern to the scattering by bent cylinders is illustrated in Fig. 3 . As in the corresponding plot for the straight cylinders in Fig. 2 , the width of the mainlobe is reasonably described by the Gaussian function (with the same provision that the value of ka is away from a null) while the low-amplitude structure in the region of high-angle scattering is not. Note that in contrast to the straight cylinder, the mainlobe calculated from the Born approximation solution is somewhat oscillatory. This is largely due to the fact that the number of Fresnel zones that occupy the cylinder vary with orientation angle. There are also some small effects due to the scattering from the ends. If, in contrast to the above, the animals are swimming chaotically, the uniform distribution may be more appropriate: 
where, again, (%00 can be the scattering cross section for either the straight or the bent cylinder and is not restricted to any particular boundary condition. As in Eq. (24) were not measured in this experiment, were varied to adjust the overall level of the curve). The "a" value for each data point/s the equivalent cylindrical radius E given in Table IL The All data were combined for the dimensionless plot of reduced target strength versus ka and compared with the approximate ray solution from Eq. (30) (bent cylinder, uniformly distributed angles) (Fig. 7) . The data are shown to frequency is predicted by the theory. The WHOI data covers a large range of frequencies and shows significant structure. The data are shown to increase in the Rayleigh (ka < 1 ) region and more or less level off for values above ka= 1 (geometric region). All four sets of (WHOI) data show dips in regions similar to those predicted by the theory. There is especially good agreement near the ka--2 and ka--3.8 dips both with respect to position and relative level. Note that, although the four sets involve four different aggregations of animals of different mean lengths, all data are reasonably consistent with each other on this dimensionless scale indicating the quality and consistency of the experiment.
It is also very important to observe that the data appear to become independent of frequency for high ka, as predicted by theory. This independence of the aggregation echo should be compared with the observation of a general upward trend in laboratory data involving individuals near broadside incidence. 23'24 Such a trend may be due to nat- analysis shows that (1) under certain conditions, the average cross sections are independent of the  bend of the cylinder, (2) under all conditions the averages  depend upon the s.d. of angle of orientation, and (3) The predictions and backscatter data, while leveling off with respect to frequency at high frequencies contain significant structure in the form of 5-to 8-dB dips.
These results are important to the bioaeoustic scientific community. Since precise bend of free-swimming zooplankton is generally not known and since the (unaveraged) backscattering cross section is dramatically dependent upon bend, it is extremely useful to know that the bend is much less a factor once averaging over an aggregation of animals is performed. With this factor reduced or eliminated, it becomes more possible to extract other information from the data. For example, for a given aggregation of zooplankton, the orientation behavior of the animals can possibly be inferred from data consisting of repeated measurements and running averages of the echo energy. 5
Finally, the structure in the scattering versus ka plots remains signiticant in spite of averages over length and orientation. Hence the dips near ks=2 and kay-3.8 are to be expected and strategies to account for their effects need to be developed. Specifically, the nonlinear nature of the data in Fig. 7 
